Abstract: In this paper we investigate whether a teaching intervention based on the model of the microcosm can help students of elementary school recategorize substances based on their molecular structure instead of based on their physical state and whether this recategorization is related to the change of students' perceptions of matter. The sample consisted of 36 students of 5 th grade divided into two groups (control-experimental). They were administered a categorization task and a conception of matter task. The results confirm our hypothesis for the recategorization of substances after the intervention, which affected positively students' concepts about matter, supporting our view that the microscopic approach helps students acquire a better understanding of the macroscopic concepts.
Introduction and Literature Survey
In this research we investigate if there are changes in the categorization of the concept of matter by elementary school students and whether this recategorization relates to the understanding of scientific concepts.
We support that the difficulties of the students to understand the scientific explanations for physical phenomena are due to the fact that, based on their everyday observations, they form initial interpretations of the phenomena (a naïve theory of matter) before they are exposed to systematic teaching (Vosniadou & Mason, 2012 ).
Due to this naive theory, which is substantially different from the scientific, students categorize substances based on their macroscopic properties (physical state) instead of their microscopic structures, and apply to them the properties of the corresponding category ( e.g. solids are hard, liquid spill, gases go up in the sky, etc.). These properties act as constraints to the understanding of the scientific explanations. Therefore the understanding the scientific concepts demands a recategorization of the substances. More analytically, numerous studies have shown that children face considerable difficulties in understanding the scientific explanations for physical phenomena. Smith, Carey and Wiser (1985) found that students in the age of 10 consider matter continuous. Particulate ideas appear later, but they often are not consistent with the scientific. Nussbaum (1985) showed that even 15 years old students have difficulty understanding the particulate nature of matter and they encounter great difficulty in understanding the concept of vacuum, the perpetual motion of particles and the interaction between them.
Studies of Stavy and Stachel (1985) with children aged [5] [6] [7] [8] [9] [10] [11] [12] showed that children can distinguish liquids because the water acts as standard, while they have difficulties for solids, especially for powders or solids that are not hard. Surveys of Nakhleh and Samarapungavan (1999) to pupils aged 7-10 years about the properties of matter in the three physical states showed that even students who had particulate ideas were unable to generalize their ideas in the three states of matter.
According to Driver et al. (1994) students consider "solids" the objects that are hard, do not break easily and generally are tough, therefore pliable or frangible materials are not included in the solids. The same applies for dusts and powders, because of they can be transferred from one container to another "as if they were liquids". For liquids, the reference standard is the water, therefore viscous liquids such as honey pose difficulties to students. Moreover, young students consider that air is not and has no weight.
Summarizing, we could say that students understand the matter as constant, and even when they refer to particles, they apply to them macroscopic features and properties. Moreover students have formed the view that the identity of substances is determined by a few macroscopic properties and by their physical condition, and that is the reason why they face great difficulties in understanding the scientific explanations for physical phenomena.
Accoring to the framework theory that has been proposed by Vosniadou (Vosniadou & Mason, 2012 ) and as it is evident from relevant studies (Vosniadou & Brewer, 1992 , students often find it difficult to understand some concepts they are taught because they violated many of the principles of their naive theories, which are well established. In this case learning cannot be achieved by the addition of new information or by filling the gaps, but requires radical conceptual changes and reorganization of concepts. Carey (1985) supports that conceptual change often requires recategorization of a concept into a different ontological category or create new ontological categories while sometimes requires differentiating or uniting concepts e.g. differentiation of the concepts heat-temperature or weightdensity (Carey, 1985; Carey & Spelke, 1994; Wiser & Carey, 1983 Chi (2008) also refers to the importance of the change of category for conceptual change and argues that it is difficult to change the erroneous idea when a concept is categorized into a false ontological category, because the properties of this category are applied to the concept. To correct such misunderstandings it is necessary for the student to understand the correct category in which the concept really belongs to. When a concept is included into a new category, it means that the laws and principles applicable to the new category now apply also to this concept, i.e. new characteristics and properties are now attributed to the concept (Medin & Rips, 2005) .
The question that concerns us is how the understanding of the scientific explanations is related to the recategorizations of substances form the categorization based on the physical state to the categorization on the basis of the molecular structure. In particular, we are interested to investigate how elementary school students categorize substances, whether we can facilitate their recategorizations and whether this relates to the process of understanding the scientific explanations about changes of matter.
Therefore, we examine whether a teaching intervention based on the educational model of microcosm (with appropriate simulations) can help elementary school students recategorize substances based on their particle structure instead of their physical state. We also examine whether this recategorization is related to their explanations about the physical changes of matter.
Method / Approach
This study examines how students categorize objects in relation to their conceptions of matter. We design and implement a teaching intervention based on the model of microcosm. This intervention aims to help students move from their naïve theory of matter which is based on their senses to the abstract concepts that characterize the particulate scientific theory of matter.
The aim of the study was to determine if there is recategorization of the concept of matter after the intervention and to examine the correlation between students' categorizations and their conceptions of matter.
Hypotheses
We hypothesized that after the implementation of our intervention there will be changes in the students' categorizations of objects.
We also hypothesized that there will be a strong correlation between the students' categorizations and their conceptions about matter. We expected that students who will categorize substances based on their physical state will have naive conceptions about matter, while students who will categorize them based on their common molecular structure despite their macroscopic properties will have conceptions of matter closer to the scientific.
According to our theoretical framework, the transition from the categorization of substances based on their physical state to their categorization on the basis of their molecular structure appears to be a prerequisite for the understanding of scientific concept of matter. To test these hypotheses, we conducted an empirical study with elementary school students. We used a Categorization Task and a Conceptions of Matter Task.
Participants
The sample was 36 students of 5 th grade (10-11 years old) of a public elementary school, divided into two groups, control and experimental.
The choice of this grade was based on our previous research, which showed that by the end of elementary school students have formed a naive theory of matter based on the senses, where substances are categorized based on their macroscopic properties. Moreover in this grade begins the teaching of the concepts of matter on the basis of the curriculum and the corresponding textbook.
Materials
The "Categorization Task", used also in our previous studies (Gikopoulou & Vosniadou, 2006) , consisted of 8 cards with the names of 8 objects which the participants were asked to categorize: ice, rain, cloud, water, hail, vapor, fog, snow. These objects could be categorized either based on their physical state (solid, liquid, gas) or based on their common molecular structure (H 2 O) as shown in Table 1 . Four categorization questions were asked and each of them was followed by a justification question ("why did you put these things together?"): 1. I want you to put together the things that you think should go together, belong to the same group. 2. Is there another way you can put these things together? 3. Could you put in one group the things that are solid, in another the liquids and in another the gasses? 4. Could all these things be in the same group? weight, enough quantity) and one sugar grain (non felt weight). Students are also asked to calculate the volume and the mass of an object and to distinguish the material bodies from the non material. Finally, they are asked to draw sketches of the interior of a solid, a liquid and a gas and refer to their properties as well as to the conservation of matter.
The intervention
For the design of the intervention we took into consideration the perceptions of students of this age (10-12 years old) about matter as well as the proposed order of the macroscopic concepts required for the introduction of the particulate theory, which is achieved with appropriate simulations of the model of microcosm.
With respect to the microscopic model, its introduction is achieved in a systematic way, without the use of mathematics and with the appropriate simulations, created in the Science and Technology Laboratory of National and Kapodistrian University of Athens (Kalkanis, 2006 (Kalkanis, -2013 .
For the creation of the simulations the most common students' alternative conceptions of matter recorded in literature were taken into consideration in order to prevent their enhancement: e.g. particles move constantly and are presented on a black background, so as not to give the impression that there is something between them. Moreover, in order to facilitate students, we attempted to combine the microscopic model with the macroscopic approach and examine concepts from both aspects simultaneously. Therefore we used animations, videos, depiction of both macroscopic and microscopic aspects, successive enlargements of objects depicting their interior, analogies introducing the idea of matter consisting of particles and simulations of solids that are heated and converted to solids and then to gasses.
The intervention at the experimental group lasted for 10 hours and included the basic concepts about matter that students are taught in this grade (matter, volume, mass, weight, density) as well as a more analytical description of the microscopic model with the use of the simulations. In each lesson students wrote down their observations and conclusions after they conducted the experiments in groups of 4 or 5, following the same methodology implemented in the official science textbooks (Apostolakis et al., 2006) . The control group students were taught also for 10 hours the corresponding concepts from the official textbook and a very general introduction on the structure of matter through the figures of the book. The lessons followed the same methodology and students also conducted experiment in groups of 4 or 5.
Figures 1a, 1b, 1c: students worked in groups conducting experiments
Procedure
Participants were interviewed individually. The interviews lasted about 30 minutes and took place in the school class, without the presence of others. The questions asked were the same for all participants and with the same order.
Participants recorded their answers and drew their sketches in a worksheet given to them, while the researcher was taking notes.
Initially it was administered to the students of both groups the Categorization Task and then the Conceptions of Mater Task (as pre-tests).
Then, the suggested intervention was implemented for 10 hours at the experimental group, whereas at the control group students were taught also for 10 hours the corresponding concepts from the books.
After the intervention, students of both groups were administered again the same tasks with the same procedure (as post-tests) in order to examine the effectiveness of the intervention.
Results / Discussion
In order to examine our first hypothesis concerning the effectiveness of our intervention we present initially the students' answers (of both groups) in the two Taks before and after the intervention and compare their performances. Then we examine the correlation between students' categorizations and their conceptions about matter, in order to test our second hypothesis.
Scoring of Tasks and students' answers
At the Categorization Task we focused on the last two questions because we wanted to test whether students who categorize objects according to their physical state (solid, liquid, gas) can categorize them also on the basis of their molecular structure or not.
By the combination of their different responses to these two questions arose three different types of answers based on their categorization criteria, which are shown in figures 2-3.
(1) Similarity: students do not categorize objects into solids, liquids and gases nor place them in one category. This type of answer was scored as 1.
(2) Physical state: students categorize objects into solids, liquids and gases but do not place them in one category (they often answer that they do not match or that solids, liquids and gases cannot be put together). This type of answer was scored as 2.
(3) Microscopic: students categorize objects into solids, liquids and gases, and also place them all in one category, justifying their answer saying that they are all water in different physical sate or it is the solid, liquid and gaseous state of water or they are all the same chemical compound H2O, etc. This type of answer was scored as 3. At the Conception of Matter Task, the criteria we used to group students' responses were if they understand matter on the basis of their senses or as a basic component that has weight and takes up space; if they believe that matter is maintained or disappears after successive divisions or when is not visible; if they differentiate the concepts of weight and mass; if they you identify the materials based on appearance or on their senses; if they consider matter static and continuous or make reference to particles.
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Based on these criteria and their answers to all the questions the students were grouped into five categories, shown in figures 3-4. (1) Initial: matter perceived by all senses. The understanding of matter is based on the senses therefore small and invisible bodies have no volume, mass or weight; matter disappears after successive divisions; materials are identified based on their appearance and behavior and there is difficulty in distinguishing matter from non-matter; matter is considered to be static and continuous. This type of answer was scored as 1.
(2) Alternative a: matter with perceptible weight or volume. The small piece of clay has mass, volume and weight, but small light objects (such as Styrofoam and one sugar grain) and invisible objects have no volume, mass or weight; matter disappears after successive divisions; matter is a kind of material, which is solid, liquid or gas; matter is considered to be static and continuous. This type of answer was scored as 2.
(3) Alternative b: matter visible. The understanding of matter is again based on the senses, but students now accept that even small light objects have volume, mass and weight, while the invisible objects are still considered to be without; matter disappears after successive divisions; it may be matter we cannot see, but this piece of matter does not have weight or volume; as for the properties of matter are not applied to all objects; the material / non-material distinction is successful for most solids and liquids, but the gases or small objects (e.g. smoke, rust, chalk dust etc.) still confuse students; matter is static and continuous or students refer to particles but there are misconceptions or incomplete understanding. This type of answer was scored as 3. (4) Alternative c: matter also invisible. Matter is a basic component that has weight and occupies space; all objects have volume, mass, weight; matter continues to exist as divided into small pieces and each of them has weight and occupies space, even when they are not visible; the material / non-material distinction is made with some success, but the gases or small objects (smoke, rust, chalk dust) still confuse students; matter consists of particles but there are still misconceptions or incomplete understanding. This type of answer was scored as 4. successful material / non-material distinction; matter consists of particles not visible to us, which are constantly moving. This type of answer was scored as 5.
Comparison of groups' performance
In order to test the effectiveness of the proposed intervention we compared the students' performance in the pre-tests and the post-tests. The total scores of students' performance in each task were subjected in an one way ANOVA which, as expected showed main effects for group in favor of the experimental group only for the post-tests as shown in tables 2 and 3. It seems that the students of both groups (control, experimental) had similar performance to both tasks before the intervention, however there are observed statistically significant differences in their performance after the intervention with the experimental group attaining higher performance in comparison to the control group in both tasks. We also compared, the performance of each groups' students separately before and after the intervention. The Paired Samples t-test showed statistically significant differences only for the experimental group, as shown in tables 4 and 5. There is no statistically significant differences in the performance of students of the control group in the post-tests in relation to the pre-tests (although it is observed an improvement in their performance), whereas in the experimental group there is statistically significant differences in favor of the post-tests in both tasks.
In other words, the control group students showed no significant improvement in their performance after the intervention, in contrast to the students of the experimental group, whose performance improved significantly in both tasks, proving the success of the proposed intervention. These results seem to confirm our first hypothesis since we found that the proposed intervention facilitated students' recategorizations of substances from categorizations based on their macroscopic properties to categorizations based on their microscopic structure. The intervention had also positive effect on students' conceptions of matter and helped the move from their initial conceptions to conceptions more close to the scientific ones.
Correlations
In order to test our second hypothesis we examined the correlations between the students' categorizations and their conceptions of matter. According to our second hypothesis, we expected that students who categorize substances on the basis of their physical state will also have initial conceptions of matter in relation to the students who categorize substances based on their molecular structure.
The correlation indicator Spearman rho (categorizations × conceptions of matter) showed statistical significant correlation between students' categorizations and their conceptions of matter, both at pre-tests and at post-tests. Pre-tests: rs=0.670, p<0.001 and Post-tests: rs=0.861, p<0.001. As shown in Table 6 , all students who had scientific conception of matter can also categorize objects on the basis of their molecular structure apart from their physical condition. The same is true for the students who had an alternative c conception of matter which is close to the scientific one. On the other hand, all students with initial conception of matter did not categorize objects based on their physical state nor their molecular structure but based on their similarity. At the interim alternative a and b conceptions of matter the rates are divided. Similar results were obtained also at the pre-tests.
Regression
To examine more thoroughly the relationship between the students' categorizations and their conceptions of matter we conducted a regression analysis. Regression analysis (with the conceptions of matter as the dependent variable and the categorizations as a predictive factor) was statistically significant F(1,34)=83.821, p<0.001, R2=0,703. Students' categorizations seem to be an important predictive factor for their conceptions of matter (Beta = 0,843, p <0,001). It Licensed Under Creative Commons Attribution CC BY seems that if we know students' categorizations we can predict 70% of their conceptions of matter.
Consequently it seems that the change of categorization of matter from based on its physical state to the categorization based on its molecular structure precedes the complete understanding of the scientific conception of matter and it seems to be a necessary but not sufficient prerequisite for this understanding.
Conclusions
The results of the study confirmed our hypothesis for the recategorization of substances after the intervention, which has affected positively also students' conceptions of matter, as we found statistically significant differences between the two groups, with the experimental group attaining higher performance. We also found a high degree of correlation between students' categorizations and their perceptions matter both before and after the intervention, confirming our second hypothesis.
The students of the experimental group achieved statistically significant higher performance in both tasks in comparison to the students of the control group. Specifically, most students in the experimental group:  Moved from categorizations based on similarity or physical state to categorizations based on the microscopic structure (78%). In the control group students this percentage was significantly lower (33%).  Moved from their initial conceptions matter to alternative closer to the scientific (33%), while 28% of them reached the scientific concept.  Appear to accept the concept of non visible particles as basic components of matter and consider the weight and volume as the properties of matter, even in its nonvisible form.
Moreover, the combination of the two approaches, macroscopic and microscopic, proved successful and effective, as students responded successfully and were attempting themselves to find the microscopic explanation for the macroscopic phenomena they studied.
Our results support the view that the recategorization of substances from based on their macroscopic properties to based on their microscopic structure is a prerequisite for understanding the scientific concept of matter. Our findings also support the education model of microcosm (with appropriate simulations) helps students acquire a better understanding of the scientific concept of matter.
Our results are consistent with other researchers (Wiser and Smith 2008 ) who argue that the microscopic approach of matter at this age helps students consolidate their understanding of matter and approach other macroscopic concepts which are not easily explained without the particle theory (e.g. change of state).
These results also confirm previous arguments about theory change to conceptual knowledge of children (Carey, 1985 . Chi, 1992 Vosniadou, 1999 ) and seem to confirm experimentally that the process of conceptual change requires ontological changes (Carey, 1991; Inagaki & Hatano, 2002) . Therefore they enhance our theoretical framework for the relationship of conceptual change and the process of categorizations. We believe that children from an early age form naive theories of physics (Vosniadou & Mason, 2012) and on that basis they organize concepts automatically into categories, applying to them the properties of these categories (Carey, 1985; Murphy & Medin, 1985) . Most of the students misunderstandings are due to such incorrect categorizations (Chi, 2008) . Subsequently, when the students' explanatory framework is enriched and restructured, automatically are influenced their categorizations of concepts. When a concept is recategorized new features and properties are attributed to it, because the laws and principles applicable to the new category are now applied to this concept (Medin & Rips, 2005 ).
Future Scope
Our research supports the view that the difficulties of students to understand the scientific concept of matter result from their tendency to categorize objects according to their macroscopic properties (instead of the molecular structure) and that the recategorization of the concept of matter in a new ontological category seems to be necessary for a full understanding of the scientific concepts.
These difficulties of students are often enhanced because the issue of conceptual change is ignored during teaching. Many teachers believe that the new information can be easily incorporated into the existing knowledge of students, and do not realize that sometimes the existing knowledge can stand in the way when new information is not compatible with the existing (Vosniadou, Vamvakousi, Skopeliti, 2008 ).
Therefore it is important to explore the ways of improving the learning process and facilitating conceptual change. Traditional curricula often underestimate the ability of school students to construct theories and to develop the bases needed for the reconceptualization (Wiser et al. 2012a (Wiser et al. , 2012b . Essential for this reconceptualization is the transition from the based on senses explanations to explanations based on the more abstract scientific. The unifying model of microcosm can be a very useful tool for promoting conceptual change of the concept of matter. 
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